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PROBLEM TO BE SOLVED: To suppress torque 
fluctuation at the time of changing the number of 
operating cylinders. 

SOLUTION: A motor 1 is mechanically connected to 
an engine 2, and a motor 4 is mechanically 
connected to the engine 2 through a powder clutch 3. 
Power is transmitted from the motor 4 to driving 
wheels 7 through a transmission 5. In a hybrid vehicle 
of such constitution, output torque of the motors 1,4 
and transmission toque of the powder clutch 3 are Q 
adjusted to prevent the fluctuation of driving torque at 
the time of increasing/decreasing the number of 
operating cylinders of the engine 2. 
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* NOTICES * 

iJPO and NCI PI are not responsible £or any 
damages caused by t:he use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The motor A mechanically connected with the internal combustion engine and said 
internal combustion engine, and the motor B mechanically connected with said internal combustion 
engine through a torque means of communication A means to be the number control device of 
actuation gas columns of the hybrid car which equips said Motor A and said motor B with the dc- 
battery which supplies power, and transmits power to a driving wheel through a change gear from 
said motor B, and to detect the charge condition of said dc-battery, A means to determine said 
intemal combustion engine's number of actuation gas columns based on a means to detect the vehicle 
speed, a means to detect necessary driving force, and the charge condition detection value of a dc- 
battery, a vehicle speed detection value, a necessary driving force detection value and the fuel 
consumption information for every number of actuation gas columns, The nvunber control unit of 
actuation gas colimms of the hybrid car characterized by preparation ******. 
[Claim 2] A means to detect said intemal combustion engine's output torque in the number control 
unit of actuation gas columns of a hybrid car according to claim 1, While controlling the rotational 
speed of said motor A so that slipping of said torque means of communication is set to 0 before 
increasing the number of actuation gas columns The number control unit of actuation gas columns of 
the hybrid car characterized by having the drive control means controlled so that the transfer torque 
of said torque means of communication becomes equal to said intemal combustion engine's output- 
torque detection value. 

[Claim 3] It is the number control unit of actuation gas columns of the hybrid car characterized by 
reducing the regeneration torque of said motor A gradually, and ending rotational-speed control 
while said drive control means increases the transfer torque of said torque means of communication 
after the increment in the number of actuation gas columns in the number control unit of actuation 
gas columns of a hybrid car according to claim 2. 

[Claim 4] The nvmiber control unit of actuation gas columns of the hybrid car characterized by 
having the drive control means from which only said transfer torque low loss in quantity increases 
the output torque of said motor B while controlling the rotational speed of said motor A so that 
slipping of said torque means of communication is set to 0 and reducing the transfer torque of said 
torque means of communication in the number control unit of actuation gas colunms of a hybrid car 
according to claim 1 , before reducing the number of actuation gas columns. 

[Claim 5] It is the number control unit of actuation gas columns of the hybrid car characterized by 
reducing the output torque of said motor B while said drive control means increases the transfer 
torque of said torque means of communication after the number reduction of actuation gas columns 
in the number control unit of actuation gas columns of a hybrid car according to claim 4. 
[Claim 6] It is the number control unit of actuation gas columns of the hybrid car characterized by 
said drive control means controlUng the output torque of said motor A after the number reduction of 
actuation gas columns in the number control unit of actuation gas columns of a hybrid car according 
to claim 4 or 5 to torque with a reverse phase with said intemal combustion engine's equal torque 
ripple and absolute value. 

[Claim 7] It is the number control device of actuation gas columns of the hybrid car characterized by 
said torque means of communication being a powder clutch in the number control device of 
actuation gas columns of a hybrid car given in one term of claims 1-6. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the number control unit of actuation gas columns of 
the hybrid car into which an intemal combustion engine's number of actuation gas columns is 
changed according to a load. 
[0002] 

[Description of the Prior Art] When changing the number of actuation gas columns, throttle opening 
is amended, and the number control unit of adjustable gas columns of the engine which controlled 
the torque fluctuation when changing the number of actuation gas columns is known (for example, 
refer to JP,5-1579,A). 

[0003] However, after adjusting throttle opening in a common engine before an output torque 
actually changes, there is delay, throttle opening must be amended according to the delay of an 
engine proper, and adjustment takes time amount. If it moreover does not adjust correctly, there is a 
problem that the torque fluctuation (torque shock) when changing the number of actuation gas 
columns cannot fiiUy be controlled. 

[0004] The purpose of this invention is to control the torque fluctuation when changing the number 

of actuation gas colimms. 

[0005] 

[Means for Solving the Problem] (1) The motor A with which invention of claim 1 was mechanically 
connected with the intemal combustion engine and the intemal combustion engine The motor B 
mechanically connected with the intemal combustion engine through a torque means of 
communication A means to be the number control device of actuation gas columns of the hybrid car 
which equips Motor A and Motor B with the dc-battery which supplies power, and transmits power 
to a driving wheel through a change gear from Motor B, and to detect the charge condition of a dc- 
battery. Based on a means to detect the vehicle speed, a means to detect necessary driving force, and 
the charge condition detection value of a dc-battery, a vehicle speed detection value, a necessary 
driving force detection value and the fuel consumption information for every number of actuation 
gas columns, it has a means to determine an intemal combustion engine's number of actuation gas 
columns. 

(2) The number control unit of actuation gas columns of the hybrid car of claim 2 is equipped with a 
means to detect an intemal combustion engine's output torque, and the drive control means 
controlled so that the transfer torque of a torque means of communication becomes equal to an 
intemal combustion engine's output-torque detection value while controlling the rotational speed of 
Motor A so that slipping of a torque means of communication is set to 0 before increasing the 
number of actuation gas columns. 

(3) By the drive control means, after the increment in the number of actuation gas colimms, the 
number control unit of actuation gas columns of the hybrid car of claim 3 reduces the regeneration 
torque of Motor A gradually, and ends rotational-speed control while it increases the transfer torque 
of a torque means of communication. 

(4) It is equipped with the drive control means from which only transfer torque low loss in quantity 
increases the output torque of Motor B while it controls the rotational speed of Motor A so that 
slipping of a torque means of communication is set to 0 and reduces the transfer torque of a torque 
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means of communication, before the number control unit of actxiation gas colunms of the hybrid car 

of claim 4 reduces the number of actuation gas columns. 

(5) By the drive control means, after the number reduction of actuation gas columns, the number 
control unit of actuation gas colunms of the hybrid car of claim 5 reduces the output torque of Motor 
B while increasing the transfer torque of a torque means of communication, 

(6) As for the number control unit of actuation gas columns of the hybrid car of claim 6, control the 
output torque of Motor A by the drive control means after the number reduction of actuation gas 
columns to torque with an internal combustion engine's equal torque ripple and absolute value, and a 
reverse phase. 

(7) The nimiber control device of actuation gas colimms of the hybrid car of claim 7 uses a torque 
means of communication as a powder clutch. 

[0006] 

[Effect of the Invention] (1) According to invention of claim 1, since an internal combustion engine's 
number of actuation gas columns was determined based on the charge condition detection value of a 
dc-battery, a vehicle speed detection value, a necessary driving force detection value, and the fiiel 
consumption information for every number of actuation gas colunms, it can operate with the 
minimum fiiel consimiption for every number of actuation gas colimms, and a charge can be 
controlled upwards according to the charge condition of a dc-battery. 

(2) Since it was made to control so that the transfer torque of a torque means of communication 
becomes equal to an internal combustion engine's output-torque detection value while according to 
invention of claim 2 controlling the rotational speed of Motor A so that slipping of a torque means of 
communication was set to 0 before increasing the number of actuation gas columns, the torque 
fluctuation (torque shock) when increasing the number of actuation gas columns can be prevented. 

(3) According to invention of claim 3, after the increment in the number of actuation gas columns, 
since the regeneration torque of Motor A is reduced gradually and rotational-speed control was 
ended while increasing the transfer torque of a torque means of communication, the torque 
fluctuation when increasing the number of actuation gas colimms can be prevented. 

(4) Since it was made only for transfer torque low loss in quantity to increase the output torque of 
Motor B while according to invention of claim 4 controlling the rotational speed of Motor A so that 
slipping of a torque means of commxmication was set to 0 and reducing the transfer torque of a 
torque means of communication, before reducing the number of actuation gas colunms, the torque 
fluctuation when reducing the nxmiber of actuation gas columns can be prevented. 

(5) According to invention of claim 5, after the number reduction of actuation gas colimms, since the 
output torque of Motor B was reduced while increasing the transfer torque of a torque means of 
communication, the torque fluctuation when reducing the number of actuation gas columns can be 
prevented. 

(6) According to invention of claim 6, after the number reduction of actuation gas colunms, since the 
output torque of Motor A was controlled to torque with an internal combustion engine's equal torque 
ripple and absolute value, and a reverse phase, the rotation nonuniformity of the internal combustion 
engine after the number reduction of actuation gas columns can be controlled. 

(7) According to invention of claim 7, since the powder clutch was used for a torque means of 
conmiunication, the transfer torque from an intemal combustion engine to a motor can be controlled 
correctly, and the torque fluctuation at the time of the number increase and decrease of actuation gas 
columns can fiiUy be controlled. 

[0007] 

[Embodiment of the Invention] This invention at the time of low loading, it runs as series hybrid car 
both SHEV(s), and the gestalt of 1 operation applied to the series parallel hybrid car SPHV it runs 
with an intemal combustion engine is explained at the time of a heavy load. In addition, this 
invention is not limited to the series parallel hybrid car SPHV, but can be applied to all the cars of 
the method which switches an intemal combustion engine's mechanical output and the mechanical 
output of a motor with a clutch during transit. 

[0008] The configuration of the gestalt of 1 operation is shown in drawing 1 and drawing 2 . In 
addition, the thick continuous line in drawing shows the transfer path of mechanical power, a thick 
broken line shows the transfer path of power, and a thin continuous line shows the control line. The 
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power train of this car consists of a motor 1, an engine 2, a clutch 3, a motor 4, a change gear 5, and 
a power transmission device 6. The output shaft of a motor 1, the output shaft of an engine 2, and the 
input shaft of a clutch 3 are connected mutually, and the output shaft of a clutch 3, the output shaft of 
a motor 4, and the input shaft of a change gear 5 are connected mutually. A motor 1, an engine 2, 
and a motor 4 serve as a source of promotion of a car at the time of an injection of a clutch 3, and 
only a motor 4 serves as a source of promotion of a car at the time of release of a clutch 3. 
[0009] An alternating current induction motor, an alternating cvirrent synchronous motor, or a direct 
current motor can be used for motors 1 and 4. Moreover, petroleum engine, a diesel power plant, etc. 
can be used for an engine 2. A clutch 3 is a powder clutch and can adjust transfer torque. In addition, 
as long as a clutch 3 is not limited to a powder clutch but can control transfer torque, what kind of 
contact breaker is sufficient as it. A change gear 4 is the belt type change gear CVT, and can adjust a 
change gear ratio on a stepless story. In addition, a gear type change gear can also be used for a 
change gear 4. 

[0010] Drive control of a motor 1 , an engine 2, a clutch 3, a motor 4, and the change gear 5 is carried 
out by control units 8-12, respectively. In using an AC motor for motors 1 and 4, while using an 
inverter for the motor control equipments 8 and 1 1, changing the regeneration alternating current 
power of motors 1 and 4 into direct current power and charging the high-pressure dc-battery 14, the 
direct current power of the high-pressure dc-battery 14 is changed into alternating current power, and 
motors 1 and 4 are supplied. In using a direct current motor for motors 1 and 4, while using a DC- 
DC converter for the motor control equipments 8 and 11, adjusting the regeneration direct current 
power of motors 1 and 4 on a predetermined electrical potential difference and charging the high- 
pressure dc-battery 14, the direct current power of the high-pressure dc-battery 14 is adjusted on a 
predetermined electrical potential difference, and motors 1 and 4 are supplied. As for the motor 
control equipments 8 and 1 1, in any case, the rotational speed of motors 1 and 4 and an output torque 
are controllable. 

[001 1] An engine control system 9 is equipped with various actuators or a device, and performs fuel- 
injection control of an engine 2, ignition control, the number control of actuation gas columns, etc. 
The clutch control device 3 changes the exciting current of a powder clutch 3, and controls transfer 
torque. Moreover, the change gear control unit 12 controls the change gear ratio of a change gear 5. 
[0012] The car controller 13 consists of a microcomputer and its circumference component, controls 
control units 8-12, and controls actuation of the car itself, and a fimction. As shown in drawing 2 , 
the equipment 20 which detects the charge condition SOC of the rotation sensor 1 8 for detecting the 
rotational speed of the rotation sensor 17 for detecting the speed sensor 16 for detecting the travel 
speed of the accelerator sensor 15 which detects the amount of treading in of an accelerator pedal, 
and a car, and the rotational speed of an engine 2, and the output shaft of a clutch 3, the throttle 
opening sensor 19 which detects the throttle-valve opening of an engine 2, and the high-pressure dc- 
battery 14 (State Of Charge) is connected to a car controller 13. 

[0013] Drawing 3 is a flow chart which shows the number control program of actuation gas columns. 
This flow chart explains actuation of the gestalt of 1 operation. The car controller 13 performs this 
number control program of actuation gas columns for every predetermined time. In step 1, the 
amount of treading in, the vehicle speed, and the engine speed of an accelerator pedal are read from 
sensors 15, 16, and 17, respectively, and the charge condition SOC of the high-pressure dc-battery 
14 is read from dc-battery SOC detection equipment 20 at continuing step 2. 

[0014] The number of actuation gas columns is determined at step 3. Specifically, necessary driving 
shaft torque is first calculated based on the amount of accelerator pedal treading in and the vehicle 
speed showing crew's demand driving force. At this time, in consideration of the charge condition 
SOC of the high-pressure dc-battery 14, demand driving force is increased, so that SOC is low. Next, 
based on necessary driving shaft torque and the change gear ratio of a change gear 5, the necessary 
torque in the output shaft of an engine 2 is calculated. And the number of actuation gas columns 
which fiilfiUs necessary rotational speed and necessary torque, and serves as the minimum fiiel 
consumption from the map in which relation with a ftiel consumption [ output torque / which were 
beforehand measured for every number of actuation gas columns / an engine speed, an output torque, 
etc. ] line is shown is determined. 

[0015] When checking whether the number of actuation gas columns is increased and increasing at 
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step 4, it progresses to step 5. At step 5, the increment routine in the number of actuation gas 
columns shown in drawing 4 is performed. On the other hand, when not increasing the number of 
actuation gas columns, it progresses to step 6, and it checks whether the number of actuation gas 
columns is reduced. When reducing the number of actuation gas columns, it progresses to step 7, and 
the number reduction routine of actuation gas columns shown in drawing 5 is performed. In addition, 
when there is no change in the number of actuation gas columns, this number control of actuation 
gas columns is ended. 

[0016] Drawing 5 is drawing showing change of the engine torque at the time of the increment in the 
number of actuation gas columns, clutch transfer torque, and the regeneration torque of a motor 1 . 
The increment routine in the number of actuation gas columns shown in drawing 4 is explained 
referring to this drawing. At step 11, rotational-speed control of the motor 1 which makes output- 
shaft rotational speed of a clutch 3 target rotational speed is started. Since a clutch 3 is still in a 
conclusion condition at this time, the rotational speed of the I/O shaft of a clutch 3 is mechanically in 
agreement. The output torque of an engine 2 is detected in step 12. From the map in which the 
relation of the rotational speed of an engine 2, the output torque, and throttle opening which were 
measured beforehand is specifically shown, the table search operation of the output torque 
corresponding to a current rotational speed and throttle opening is carried out, and an output torque 
is presumed. 

[0017] At step 13, the exciting current of a clutch 3 is adjusted so that the transfer torque of a clutch 

3 may become equal to the output-torque estimate of an engine 2. the exciting current which is 
equivalent to the engine-torque estimate Tl at time of day tO as shown in drawing 5 ~ the 
electromagnetism of a powder clutch 3 — if it energizes in a coil — electromagnetism — clutch 
transfer torque is set to Tl at time of day tl for the delay by the inductance of a coil. If clutch 
transfer torque becomes the engine-torque estimate Tl, the number of actuation gas columns will be 
increased at step 14 (time of day t2 of drawing 5 ). An engine torque increases only a part (T2) for 
the number of actuation gas columns to have increased by this as shown in drawing 5 (time of day 
t2-t3 of drawing 5 ). 

[0018] Although the rotational speed of an engine 2 tends to increase by the increment in an engine 
torque at this time, since rotational-speed control of the motor 1 which makes clutch output-shaft 
rotational speed target rotational speed is performed, a motor 1 generates regeneration torque equal 
to the increment (T2) of an engine torque, controls the increment in an engine speed, and sets 
slipping of the I/O shaft rotational-speed difference 3 of a clutch 3, i.e., a clutch, to 0. 
[0019] In step 15, if slipping of a clutch 3 checks whether it is 0 and slipping is set to 0, while 
progressing to step 16, increasing the exciting ciurent of a clutch 3 and increasing clutch transfer 
torque, the regeneration torque of a motor 1 is reduced gradually and rotational-speed control is 
ended (time of day t4-t6 of drawing 5 ). A clutch 3 concludes and the torque of a clutch output shaft 
becomes equal to an engine torque (T1+T2) at the time of day t6 when the regeneration torque of a 
motor 1 was set to 0. 

[0020] Drawing 7 is drawing showing change of the engine torque at the time of the number 
reduction of actuation gas columns, clutch transfer torque, and the output torque of motors 1 and 4. 
The number reduction routine of actuation gas columns shown in drawing 6 R> 6 is explained 
referring to this drawing. At step 21, rotational-speed control of the motor 1 which makes output- 
shaft rotational speed of a clutch 3 target rotational speed is started. Since a clutch 3 is still in a 
conclusion condition at this time, the rotational speed of the I/O shaft of a clutch 3 is mechanically in 
agreement. In step 22, the output torque of an engine 2 is presumed by the approach mentioned 
above. Here, as shown in drawing 7 , make engine-torque estimate into T3, and let reduction torque 
estimate by the number reduction of actuation gas columns be T four. 

[0021] In step 23, while reducing clutch transfer torque, the output torque of a motor 4 is increased 
(time of day tl l-tl2 of drawing 7 ). At this time, as shown in drawing 7 , each torque is fluctuated so 
that decrement T four of clutch transfer torque and increment T four of the output torque of a motor 

4 may always become equal. By this, the decrement of clutch transfer torque and the increment of 
motor torque are offset, and the torque in a clutch output shaft does not change, but it becomes being 
engine-torque T3 with as. 

[0022] Since rotational-speed control of the motor 1 which makes clutch output-shaft rotational 
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speed target rotational speed is performed on the other hand although the rotational speed of an 
engine 2 tends to increase if clutch transfer torque is decreased while the output torque of an engine 
2 has been fixed, the regeneration torque of a motor 1 increases (time of day tl l-tl2 of drawing 7 ), 
an engine 2 blows only the part to which clutch transfer torque decreased, and a riser is prevented. 
[0023] If the change in clutch transfer torque and the output torque of a motor 4 is completed, the 
number of actuation gas columns will be reduced at step 24 (time of day tl3 of drawing 7 ). Only in 
the part (T four) to which the number of actuation gas columns decreased by this as shown in 
drawing 7 , an engine torque decreases (time of day tl3-tl4 of drawing 7 ). 
[0024] Although the rotational speed of an engine 2 tends to decrease by reduction in an engine 
torque at this time, since rotational-speed control of the motor 1 which makes clutch output-shaft 
rotational speed target rotational speed is performed, an engine speed does not fall but, only in the 
part to which the engine torque decreased, the regeneration torque of a motor 1 decreases (time of 
day tl3-tl4 of drawing 7 ). And slipping of the I/O shaft rotational-speed difference 3 of a clutch 3, 
i.e., a clutch, is set to 0. 

[0025] If slipping of a clutch 3 checks whether it is 0 in step 25 and slipping is set to 0, while 
progressing to step 26, increasing the exciting current of a clutch 3 and increasing clutch transfer 
torque, the output torque of a motor 4 is reduced. A clutch 3 concludes and the torque of a clutch 
output shaft becomes equal to an engine torque (T3-T four) at the time of day tl6 when the output 
torque of a motor 4 was set to 0. 

[0026] In addition, even after reduction processing of the number of actuation gas columns is 
completed, rotational-speed control of a motor 1 is continued. Generally, if the number of actuation 
gas columns of an engine 2 is reduced, a torque ripple will increase. Then, in step 27, a motor 1 
performs torque ripple absorption control of an engine 2 at the time of the nxmiber reduction of 
actuation gas columns (the time of day tl4 of drawing 7 or subsequent ones). 

[0027] Drawing 8 is the control-block Fig. showing the torque ripple absorption control of the motor 
1 at the time of the number reduction of actuation gas columns. Since the ripple of the rotational 
speed proportional to a torque ripple is contained in the engine speed Ne, the average value of an 
engine speed Ne is calculated through low pass filter 13a, and an average value is deducted fi-om an 
engine speed Ne by subtractor 13b, and it calculates, a part for a ripple, i.e., rotation nonuniformity 
deltaNe, of rotational speed. And torque command value tau* of a motor 1 is calculated from 
rotation nonuniformity deltaNe by PI control machine 13c, and it passes to motor control equipment 
8, and outputs to it. Motor control equipment 8 performs a torque control so that the output torque of 
a motor 1 may be in agreement with torque command value tau*. Thereby, as shown in drawing 7 
(the time of day tl4 or subsequent ones), the torque ripple and phase of an engine 2 are reverse, 
torque with an equal absolute value is outputted from a motor 1, the torque ripple of an engine 2 and 
the output torque of a motor 1 are offset, and the torque ripple of an engine 2 is absorbed. In 
addition, low pass filter 13a, subtractor 13b, and PI control machine 13c consist of software gestalten 
of the microcomputer of the car controller 13. 

[0028] In the configuration of the gestalt of the above 1 operation a motor 1 an internal combustion 
engine Motor A [ an engine 2 ] The high-pressure dc-battery 14 a torque means of communication 
for Motor B a dc-battery [ a motor 4 ] [ a clutch 3 ] Dc-battery SOC detection equipment 20 a change 
gear a dc-battery charge condition detection means [ a change gear 5 ] The accelerator sensor 15 a 
vehicle speed detection means a necessary driving force detection means [ a speed sensor 16 ] The 
car controller 13 constitutes the number decision means of actuation gas columns, and a torque 
detection means, and the motor control equipments 8 and 1 1, the clutch control device 10, and the 
car controller 13 constitute a drive control means, respectively. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the configuration of the gestalt of 1 operation. 
[Drawing 2] It is drawing following drawing 1 showing the configuration of the gestalt of 1 
operation. 

[Drawing 3] It is the flow chart which shows the number control program of actuation gas columns. 
[Drawing 4] It is the flow chart which shows the increment routine in the number of actuation gas 
columns. 

[Drawing 5] It is drawing showing change of the engine torque at the time of the increment in the 
number of actuation gas columns, clutch transfer torque, and motor regeneration torque. 
[Drawing 6] It is the flow chart which shows the number reduction routine of actuation gas colimms. 
[Drawing 7] It is drawing showing the engine torque, the clutch transfer torque, and the motor output 
torque at the time of the number reduction of actuation gas columns. 

[Drawing 8] It is the control-block Fig. showing the engine-torque ripple absorption control by the 
motor at the time of the number reduction of actuation gas columns. 
[Description of Notations] 

1 Four Motor 

2 Engine 

3 Clutch 

5 Change Gear 

6 Power Transmission Device 

7 Driving Wheel 

8 11 Motor control equipment 

9 Engine Control System 

10 Clutch Control Unit 

12 Change Gear Control Unit 

13 Car Controller 
13a Low pass filter 
13b Subtractor 

13c PI control machine 

14 High-Pressure Dc-battery 

15 Accelerator Opening Sensor 

16 Speed Sensor 

17 Engine Rotation Sensor 

18 Clutch Output-Shaft Rotation Sensor 

19 Throttle Opening Sensor 

20 Dc-battery SOC Detection Equipment 
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